Abstract. 2014 We calculate to the order of one loop the renormalization group trajectories for a solution containing two polymer species in a common solvent. These trajectories could be observed by measuring the interpenetration ratios, and we discuss crossover functions for these quantities evaluated to one loop order. The renormalization group flow also determines the phase diagram of the system, and we present a detailed analysis of the spinodal limiting the region of local stability of the homogeneous solution. Even in tree approximation the renormalized theory yields results markedly different from both Flory-Huggins theory or simple scaling considerations.
J. Physique 46 (1985) Physical properties of solutions containing two chemically different polymer species in a common solvent have been extensively studied both experimentally and theoretically. In particular, much effort [1] has aimed at the determination of the phase diagram, the experiments being usually interpreted within the frame work of a Flory-Huggins approach. Since phase separation often occurs at quite low concentrations, the validity of such an interpretation is doubtful, and this paper is mainly devoted to an analysis of the spinodal by means of the renormalization group [RG] . This method has been applied to ternary solutions only recently [3] [4] [5] , all but the work of Joanny et al. [5] being restricted to an analysis of the second virial coefficient. In reference [5] the interpenetration function is calculated and the osmotic pressure in the semidilute limit is discussed with special regard to corrections to the excluded volume behaviour.
The work presented here in some respects parallels that of reference [5] . To Renormalization is a way to analyse the influence of a change of the microscopic length scale I -+ 1A-'.
Since this can be studied in the dilute limit the RG equations for the renormalized quantities N R (a)(A), C(pR)(A)5 faa(A) are not influenced by the presence of other polymer species and can be taken from previous work [6] (1). (1 ) We use the massless renormalization scheme of reference [7] . [3, 5] . At the fixed point fb = f,,. = fbb = 1 and for y = 1 the interpenetration function takes a universal value [8] independent of the renormalization scheme. [For a comparison to previous calculations [9, 10] we note the value of g (4 n)dl' F(dl2),618 I + 5 g+o(g2) .
By virtue of the prefactor lab in (3.6), t/J(12) It/J , if plotted as a function of t/J(aa) It/J*, will trace out curves qualitatively similar to the RG flow lines (Fig. 1 figure 2 . In this figure, curve (0) represents the extreme limit of incompatibility : A -oo in equation (2.9) . In this limit f12 for given f reaches its maximum value, and therefore this curve gives an upper bound to t/J(12)/t/J* for given V/ (calculated here only to one loop order, of course.) It is the direct image of the separatrix connecting (C, D) in figure 1 , and its very existence is a nontrivial consequence of RG theory. Line (6) is the only other RG trajectory in figure 2. It represents the trivial case fl 2 =-f where the polymer species are indistinguishable. Lines (1) or (2) correspond to systems which are strongly incompatible for T = 0 : A &#x3E;&#x3E; 1. For curve (1) the system stays incompatible for all z(B &#x3E; 1) whereas for curve (2) (B 1) it reaches the region of compatibility for finite z. Thus V/(l 2)lql* crosses line (6) and approaches the fixed point from below. Lines (3) or (4) show the corresponding behaviour for a system which near z = 0 is only weakly incompatible. Finally curve (5) [11] . We will point out in the concluding section that our work raises some doubts in this interpretation. 4 Taking A &#x3E; 0 always, we now discuss the three cases separately.
In the asymptotic regime Bz &#x3E; A, equations ( In tree approximation these parameters depend only on the total concentration and temperature.
4. 3 GENERAL DISCUSSION OF THE EXCLUDED VOLUME REGIME. -The excluded volume limit can be discussed analytically, the analysis not being restricted to tree approximation or to symmetric solutions. We start from equation (4.4) written in a form suggested by the tree approximation :
The functions H and G depend on the renormalized chain lengths, concentrations, and coupling constants.
Inspection of the RG flow shows that in the excluded volume limit the system is driven to a fixed point where it cannot differentiate among the two species. where in the last line we used the approximate value co 2 = s. We note that x12 along the spinodal surface is independent of concentrations or the ratio of the chain lengths.
In the limit of weak incompatibility z,2 1 equations (4.74), (4.75) reproduce Flory-Huggins theory. In the opposite limit z12 &#x3E; 1 they are consistent with De Gennes' scaling result (4. 3) . Analysing this derivation we find that this scaling behaviour is a consequence of the existence of a fixed point (point C in Fig. 1) representing the strongly incompatible 0-system. It therefore holds independent of tree approximation. The cross-over between the ()-flXed point A and fixed point C, as described by equations (4.74) [5] , the spinodal is treated here for the first time. New qualitative aspects arise from the fact that the renormalized coupling constant i12' giving the interaction among different species, is bounded from above. This gives rise to the existence of a well defined limit of strong incompatibility. The interpenetration function ql(1,2) is bounded from above, and in appropriately scaled variables x -cN' -E/2, Z (T -()) Nel2 the spinodal does not collapse on the line x -0, even for infinitely strong incompatibility. Other important qualitative aspects result from the fact that the symmetric fixed point i12 = ill = i22 = 1 is the attractive one [5] . As a consequence the spinodal in the excluded volume limit tends to the region of infinite overlap and does not show the behaviour suggested by simple scaling ideas.
We believe that it should be possible to verify experimentally some part of the behaviour predicted here. It may be rather difficult to test the results for the interpenetration ratio. Determination of ql is notoriously difficult, and furthermore experiments in 6-solvents cover only a small range in the z-variables (according to previous analysis [6] the range of z in our normalization typically is restricted to z _ 10).
In good solvents one might be able to explore the interesting region near ql -ql*. . We believe that our results for the spinodal could be checked more easily. Again experiments in good solvent and for a strongly incompatible system would be of most interest, giving rise to a determination of the exponent Q)12 governing the excluded volume behaviour. In this context we want to comment on the experimental findings of reference [11] which have been taken as support [13] of the scaling law (4.3) valid in the strongly incompatible 0-limit. From our analysis in section 4.4 we find that the experimentally observed concentration dependence of x12 is at variance with this interpretation. Furthermore we know [6] that the binary subsystem polystyrenetoluene is in good solvent conditions. On the other hand our analysis of section 4. 3, assuming that the total system is close to the excluded volume limit, also does not apply : the observed chain length dependence of X12 at the critical point seems to be too strong. We 
